Introduction
Late diagnoses of HIV infection is common in the UK, and most areas of the world, despite national and international guidelines and other efforts to promote HIV testing among those at risk [1] [2] [3] [4] . Increased testing in primary care and certain hospital settings has been prioritized since 2008 [3, 5, 6] ; however, testing rates have remained low [7] . There is often reluctance among health care workers (HCWs) to offer HIV tests, as recommended in national guidelines, even to patients presenting with any of the 37 indicator diseases and conditions where there is an increased risk of HIV infection [8] . Studies have indicated that, in the year prior to an HIV diagnosis, over half of all individuals presented to primary care or out-patient clinics, often with symptoms suspicious of indicator conditions, and were not tested [9, 10] . HIV Indicator Diseases across Europe Study (HIDES-1) and other studies have found that patients with certain indicator conditions have an undiagnosed prevalence > 0.1%, and hence testing in such populations would be cost-effective [11, 12] . Targeted HIV testing in these conditions is also likely to lead to earlier diagnoses in those with undiagnosed HIV infection, even in lower prevalence areas, while remaining cost-effective.
New approaches to improving rates of HIV testing in routine health care settings are needed. Over recent years, many pathology laboratories have incorporated automated visual HIV testing prompts on laboratory reports advising HIV testing when certain results such as negative monospot test or lymphoma are reported [13] . Another similar approach is to use computerized physician order entry (CPOE) systems, which are widely used in many hospitals and general practices in the UK. Such systems provide opportunities to incorporate HIV tests into order sets; these groups of tests are used for certain presentations such as pneumonia or lymphadenopathy [14, 15] . They can also potentially prompt HCWs to offer an HIV test based on risk stratification, using data such as clinical information provided, tests selected or specific results, either at the point of ordering tests or through test reports. For example, if an HCW orders tests such as syphilis serology or an infectious mononucleosis test for a patient, or the patient has certain diagnostic codes (e.g. candidiasis) on electronic records or has had thrombocytopaenia on a recent blood test, the patient is more likely to have undiagnosed HIV infection than someone without these characteristics. Intelligent risk stratification algorithms can be incorporated into a clinical decision support (CDS) system, within either CPOE or electronic patient record (EPR) systems, and trigger a prompt to offer an HIV test when the HCW is ordering other tests. In this study, we evaluated a basic prototype application prompting HIV testing applied in two different CPOE systems to assess its feasibility and acceptability to HCWs.
Methods
The study was conducted in two areas, each served by a laboratory providing comprehensive laboratory tests: one with a high (1%) diagnosed HIV prevalence (Chelsea and Westminster Hospital NHS Foundation Trust, London), and one with lower (< 0.5%) prevalence in the local population (Teesside/North Yorkshire). A consensus panel was convened from hospital doctors, general practitioners (GPs), specialist/practice nurses and HIV physicians at both sites to determine which tests should prompt HIV testing in the CPOE/CDS prototype application. The CPOE systems used in each hospital pathology laboratory (ICESunquest, in Middlesbrough; Misys-Misys Healthcare LLC, in Chelsea and Westminster) were re-designed via a prototype algorithm to trigger a prompt/alert window when users ordered particular tests or order sets. The prompt consisted of a pop-up message suggesting that an HIV test is added, stating that the test request indicated that the patient may have a higher risk of HIV infection. The prompt allowed (with one click) the addition of an HIV test to other test(s) being ordered. It was expected that, when the prompt was accepted, standard opt-out testing procedures were used at both sites.
After virtual testing, the prototype application was tested "live" in specific clinical areas for a 3-month evaluation period. In London, it was applied only in the Chelsea and Westminster Hospital. In Teesside/North Yorkshire, it was only applied in general practices. At the end of the evaluation period, a selection of doctors and nurse practitioners who had used the system were interviewed either individually or in a focus group to evaluate the application. Interviews were structured into the following domains: frequency of the prompt, prompts in the context of the patient consultation and reactions of patients to the prompt (or offer of a test). In Teesside/ North Yorkshire, the total numbers of HIV tests ordered in the general practices in the 9 months prior to the study period and during the 3-month study period were calculated, along with the number of prompted HIV tests during the study period. It was not possible, because of IT constraints, to perform the same evaluation in London. The study was approved by the research and development (R&D) departments of each hospital and Durham University Social Sciences and Health Research Ethics Committee.
Results
The tests and order sets selected by the consultation panel for incorporation into the prototype algorithm to trigger the prompt are shown in Table 1 . It was originally intended that the application would recognize if an HIV test had been ordered within the past 6 months and suppress the prompt. However, it was not possible to implement this feature within the timeframe of the study. At the end of the study period, nine hospital doctors (consultants and trainees) in London, 12 GPs and nine nurse practitioners took part in either individual interviews or focus groups, with a summary of discussions and themes shown below.
Frequency and appropriateness of the prompt
Most of the general practice staff received prompts during the study (range 1À20). The hospital-based staff received prompts regularly, around two to four per clinic. Initially, HCWs were surprised by the prompt but came to expect it with particular requests, and there was little evidence of "prompt fatigue". This particular prompt, compared with other prompts within EPR systems, was considered simple to understand and easy to manage. The prompt was considered a useful tool to consider the possibility of HIV infection. For the general practice nurses, the prompt occurred routinely with chlamydia tests, and they usually considered an HIV test inappropriate, particularly with teenage girls. In some practices, a junior nurse or phlebotomist ordered tests that had been requested by a doctor; there were concerns that delegating test ordering to less experienced staff missed the opportunity to test for HIV, as such staff routinely declined the prompt. Hospital staff were not always clear which of the tests/sets had triggered the prompt, and where they did know, how the test linked to risk of HIV infection.
The prompt in the context of the patient consultation Most HCWs discussed blood tests with patients and submitted an order when the patient was present. Some GPs ordered the test after the patient had left and were faced with the dilemma of whether to bring the patient back to discuss HIV testing. Many hospital-based HCWs felt that the prompt was too late in the ordering process and potentially disrupts the consultation process. Similarly, for the general practice respondents, the prompt often appeared at the end of a consultation and potentially opened up a new topic, causing some irritation. General practice respondents in particular considered the prompt a useful aide memoire to make them reconsider appropriate practice.
Reactions of patients to the prompt
Most hospital doctors and some GPs considered that, as HIV infection has become less stigmatized, discussion about testing has become more routine and less sensitive, and testing is usually performed without counselling or history/lifestyle discussions. In some situations, the prompt itself could give permission to raise the topic: "I'm being prompted to order an HIV test". Patients almost invariably agreed to be tested and often assumed that they were tested for many different conditions without each being specifically mentioned. Other HCWs, mainly some GPs and nurses, felt that there is still stigma around HIV and patients would be shocked by a routine offer of testing. Most of these HCWs felt more reluctant to discuss risk factors for HIV infection and were reluctant to offer testing routinely.
Impact of the prompt on HIV testing
Assessing the impact of the prompt on HIV testing rates in Teesside/North Yorkshire, we found that the prompt was accepted and an HIV test ordered for 11.6% of occasions when the prompt was triggered over the study period. No prompted HIV tests were positive. Overall monthly testing rates increased from 502 tests/month in the previous 9-month period to 532 tests/month in the 3-month study period (P = 0.165). The overall prevalence rate of positive tests in primary care in this 12-month period was 0.04%.
Discussion
CDS systems have shown considerable potential to improve adherence to clinical guidelines [15, 16] , and have the potential to increase the rate and appropriateness of HIV testing in many clinical settings. The prototype application tested in this study demonstrated most attributes that are necessary for success within a CDS system, namely being automated, being computer riskbased, providing a simple decision and providing support in real time [17] . Notably, the evaluation of acceptability did not show any appreciable evidence of the phenomenon of "prompt fatigue" or "alert fatigue", where users routinely ignore prompts or alerts within clinical systems [18] . Although the application's usability appeared good, there were some issues related to the prompt's timing within the HCWÀpatient consultation, particularly when the HCW needed to introduce the topic of an HIV test and gain consent after the consultation was complete. While there may be some scenarios where this problem will lead to serious challenges with prompted HIV testing within the clinical encounter, it is likely that, for most HCWs, familiarity with the system will make them more used to the prompt's timing and enable them to feel comfortable with testing when it appears. Another issue noted in primary care was the relatively low uptake of the prompt, although it appears one major factor reducing its uptake was the fact that HCWs not familiar with HIV testing were delegated the responsibility of ordering tests in some general practices. One potential solution to this problem might be for such staff to undertake specific training in opt-out HIV testing so as to increase uptake of testing when prompted.
One notable finding from the interviews with HCWs, particularly with GPs and practice nurses, was their lack of familiarity with both HIV risk assessment and HIV testing. Given that most HCWs in this category worked in Teesside/North Yorkshire, which is a low-prevalence area for HIV infection (< 0.5%) within the UK, and contrasted with the HCWs in London who were more familiar with testing, this was not surprising. This highlights the fact that lack of knowledge about HIV and confidence in testing in lower prevalence areas of the UK will continue to underlie low testing rates and late presentation without further training or other interventions. One benefit of the CDS application which was apparent in this study was that HCWs, particularly GPs, in the low-prevalence areas found it a useful reminder for testing, which may well have contributed to their general satisfaction with the application. In higher prevalence areas of the UK, testing is now recommended to be routine in accident and emergency units, medical admission units and general practices. Such units are often including an HIV test as part of standard order sets for patients having blood tests [19] , which may negate the need for prompting systems such as this. None the less, for the majority of clinical sites where such policies are not routine, and in the large areas of the UK where HIV prevalence is not high, a CDS prompt may well have significant potential to increase HIV testing rates.
The CDS application developed for this study is somewhat crude, in that the risk stratification process only included the test selected via the CPOE system by the HCW. Electronic systems including EPRs also contain a wealth of data which could potentially be used to refine risk stratification via probabilistic algorithms. These data would include results of previous blood tests (e.g. negative monospot or lymphopaenia), demographic data (e.g. age, area of residence and country of origin) and consultation narratives. Most important for new algorithms, however, is the ability to recognize recent tests for HIV and known positives, hence suppressing the prompt in patients who undergo frequent blood tests. Allowing the prompt to display less frequently with a stronger risk alert is likely to increase HCWs' response to the prompt. Further development of the application and testing in a larger range of clinical settings is therefore needed to determine the wider applicability of such an application within health care systems.
